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Abstract 
Microbial growth on the skin and or-
gan surfaces is a common problem 
associated with formaldehyde fixa-
tion of animal cadavers and is espe-
cially so following watering of cadav-
ers prior to dissection. Cadavers of 
three sheep, one goat and three 
horses were fixed with a solution of 
2% formaldehyde, 30% ethanol, and 
20% polyethylene glycol 400. At time 
intervals tissue samples of; skeletal 
muscle, lung and intestine were ana-
lyzed for cultivable aerobic bacteria, 
anaerobic bacteria and fungi. The 
aim of this study was to evaluate the 
effectiveness of a novel cadaver fix-
ative solution having a 2% formalde-
hyde concentration. Visual examina-
tion of each fixed cadaver’s skeletal 
muscles and visceral organs showed 
that these had retained a relatively 
natural appearance. No yeast or 
mould was cultured. Anaerobic bac-
teria namely Clostridium sporogenes  
 
 
and C. tyrobutyricum were isolated 
from the muscles of wo sheep. The 
aerobic bacterium Bacillus licheni-
formis was cultivated from the  
colon and duodenum of all three 
horses 40 days post fixation.  
 





Animal cadavers remain a core-
teaching tool for anatomists and vet-
erinary medical educators teaching 
gross anatomy. Worldwide there 
have been a large number of individ-
ual embalming fluid formulations 
containing a great variety of; fixa-
tives, disinfectants, surfactants, buff-
ers, dyes, glycerol and salts used in 
the preparation of cadavers for dis-
section. Evaluations of these formu-
lations have mostly focused on the 
J. Vet. Anat.                                                                               Vol. 11, No. 2, (2018) 1 - 162
Status of the cadavers fixed with low Formaldehyde concentration               Al Aiyan et al.,
                            
aesthetics, both visual and tactile, of 
the fixed specimens. Few studies re-
port on the disinfectant efficacy of the 
embalming fluids.  
Historically most successful cadaver 
fixatives have been based on for-
maldhyde, a commonly used indus-
trial fungicide and germicide. Even 
today, its antioxidant activity and 
ability to prevent microbial growth 
makes it popular for the preparation 
and preservation of human (Balta et 
al., 2015, Brenner, 2014) and animal 
cadavers (Janczyk et al., 2011b, 
Silva et al., 2007). 
However, there are potential health 
risks associated with either exposure 
to high concentrations of formalde-
hyde or of long-term exposure to low 
concentrations of formaldehyde 
(IARC, 2006). This risk is low for stu-
dents studying anatomy because 
their usual exposure is 2 - 5 hours 
per week for 1 - 4 semesters of about 
12 weeks each semester. However, 
for preparatory staff and academics 
handling specimens for longer peri-
ods, often over tens of years the risks 
are greater (IARC, 2006, Wantke et 
al., 2000). It is well known that for-
maldehyde affects not only the exter-
nal contact surface of the body nota-
bly the skin and eyes but also causes 
irritation to the mucous membranes 
in the nose and throat (Chia et al., 
1992, Dixit et al., 2005, Kim et al., 
2002, Tanaka et al., 2003). In some 
individuals, even a brief exposure to 
concentrations of formaldehyde as 
low as 0.1 to 2 ppm may cause 
coughing, nausea, as well as burning 
sensations in the eyes, nose 
and throat. Formaldehyde is known 
to have irritant effects on the respira-
tory tract and may induce adverse al-
terations in pulmonary function pa-
rameters and cellular morphology 
(IARC, 2006, Kriebel et al., 1993, 
Wantke et al., 2000). Chronic expo-
sure has been linked to different 
types of cancer particularly those 
that involve the upper airway (Kerns 
et al., 1983). The U.S. Environmental 
Protection Agency (EPA) classified 
formaldehyde as a probable human 
carcinogen under conditions of unu-
sually high or prolonged exposure 
(Agency, 1989).  
Over many decades the maximum 
allowable concentration (MAK value) 
of formaldehyde fumes within the 
workplace has decreased from 0.5 
ppm in 1989 to that recommended by 
the Senate Committee of the 
Deutsche Forschungsgemeinschaft 
as 0.3 ppm (NIH, 2009). The corre-
sponding MAK value in the United 
States of America is 0.75 ppm and in 
Japan it is 0.1 mg/m3 (Abdul-Wahab 
et al., 2015, Barsan, 2007). Conse-
quently, over that timeline reducing 
the formaldehyde concentration in 
embalming fluid has become a major 
focus for anatomists to ensure a safe 
workplace for students and staff that 
regularly handle or dissect preserved 
cadavers. 
Numerous embalming formulations 
have been developed with the aim of 
reducing the harmful effect of expo-
sure to formaldehyde, but each has 
its own shortcomings such as; limited 
                            
preservation life, undesirable micro-
bial growth, tissue yellowing, dam-
age to the anatomical texture of the 
tissue and in some instances high 
cost (Al-Hayani et al., 2011, Hammer 
et al., 2012, Macdonald and Mac 
Gregor, 1997). All of these limitations 
lessen their suitability for the long-
term preservation and use of cadav-
ers in anatomical dissections. 
The use of non-formaldehyde based 
embalming solutions such as N-vi-
nyl-2-pyrrolidone (Haizuka et al., 
2018), nitrite pickling salt (Janczyk et 
al.,2011a),polyhexamethylene guan-
idine hydrochloride (Anichkov et al., 
2011) and dry shellac (Al-Hayani et 
al., 2011) have been and are being 
examined extensively. Fixatives like 
N-vinyl-2-pyrro-lidone, polyhexa-
methylene guanidine hydrochloride 
were successful in preserving soft, 
elastic internal organs and a carcass 
with moderate joint motility. The 
other formaldehyde alternatives like 
nitrite pickling salt and shellac failed 
due to their causing the cadavers to 
be an unnatural colour and being 
corrosive (Al-Hayani et al., 2011, 
Anichkov et al., 2011, Haizuka et al., 
2018, Janczyk et al., 2011a). Addi-
tional procedures such as rinsing ca-
davers in water before handling and 
engineering laboratory airflow to 
quickly remove cadaver fumes away 
from the breathing zone in dissection 
halls are used to reduce exposure to 
formaldehyde (Coleman and Kogan, 
1998, Coskey and Gest, 2015, 
Janczyk et al., 2011a, Turan et al., 
2017). Janczyk et al. (2011b) recom-
mended that gas masks should be 
worn by those handling large animal 
cadavers held in formalin baths. 
Whilst anatomists have attempted to 
reduce formaldehyde exposure by 
watering formaldehyde-fixed cadav-
ers prior to dissection, this practice is 
associated with microbial growth on 
the skin and organ surfaces (Janczyk 
et al., 2011b). To the best of our 
knowledge recent studies of new em-
balming solutions have not assessed 
the nature and effects of microbial 
growth isolated from formaldehyde 
preserved animal cadavers (Balta et 
al., 2015, Janczyk et al., 2011b, 
Turan et al., 2017). The aim of this 
study was to evaluate the effective-
ness of a novel cadaver fixative with 
formaldehyde concentrations re-
duced to 2 percent. Our evaluation 
conducted on sheep, goat and horse 
cadavers included; assessing micro-
bial and fungal growth inhibition, plus 
the pre- and post-embalming macro-
scopic assessment of muscles and 
internal organs. These evaluations 
were compared with species mat-
ched dissections of unfixed fresh 
specimens. However, the fresh ca-
daver dissections were undertaken 
over two days only. 
 
The concentration of formaldehyde 
fumes in the air at working heights 
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the pre- and post-embalming macro-
scopic assessment of muscles and 
internal organs. These evaluations 
were compared with species mat-
ched dissections of unfixed fresh 
specimens. However, the fresh ca-
daver dissections were undertaken 
over two days only. 
 
The concentration of formaldehyde 
fumes in the air at working heights 
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was assessed in the veterinary anat-
omy dissection hall of the Free Uni-
versity of Berlin. 
 
Material and Methods 
Animal cadaveric specimens 
A total of seventeen adult animals 
i.e. six horses (200 to 300 kg), eight 
sheep (40 to 50 kg), and three goats 
(35 kg) were euthanased by a veter-
inarian in accordance with all rele-
vant local animal welfare laws, 
guidelines, and policies (Landesamt 
für Gesundheit und Sozia-les Berlin). 
After the animals were anaesthe-
tised, the left common carotid artery 
was catheterised for exsanguination. 
Three horses, three sheep, and a 
goat were subsequently fixed. The 
other three horses, five sheep and 
two goats were retained as fresh 
non-fixed cadavers. 
 
Formaldehyde based and other 
fixatives/preservatives 
To preserve the animal cadavers, a 
fixative solution consisting of 2% for-
maldehyde, 30% ethanol and 20% 
polyethylene glycol 400, topped up 
with tap water to 100% was infused 
via the carotid artery using a peristal-
tic pump (MA-1450 Perfu-Tek, Medis 
GmbH, Germany).  
Approximately 9 L/ sheep or goat 
and 60 L/ horse of fixative were used. 
The cadavers of small ruminants 
were sealed in plastic bags and 
stored in a supine position at 5o Cel-
sius until the bags were opened on 
the day of dissection. Horses were 
fixed in a standing position and 
stored at 5o Celsius. Plastic bags 
were wrapped around the horse ca-
davers in the cold room to reduce 
any evaporation of the preservative 
fluid. Dissection of the horse cadav-
ers was carried out twice weekly by 
students and veterinary educators 
over a period of five months. A solu-
tion of 30% ethanol and 20% poly-
ethylene glycol made up to 100% 
with tap water was applied to all sur-
faces exposed by dissection on the 
cadavers after each dissection to 
prevent the cadavers from drying out 
when they were stored in the cold 
room. 
As the dissections progressed, em-
balming parameters such as palpa-
ble consistency, muscle and joint 
flexibility, color, tissue hydration, and 
odour were assessed weekly after 
each dissection through a subjective 
assessment and palpation by pre-
paratory and academic staff. 
Major structures evaluated included; 
skeletal muscle in the field of dissec-
tion, then heart, lung, liver, spleen, 
kidney, stomach, small and large in-
testine, peripheral nerves and blood 
vessels as the dissections pro-
ceeded. 
During the dissections of the fresh 
non-fixed cadavers (three horses, 
five sheep and two goats), the same 
                            
parameters that were applied to eval-
uate the dissections of the fixed ca-
davers were used. 
 
Aerobic and anaerobic culture of 
cadaveric specimens 
Microbial investigations were con-
ducted on tissue biopsies (2x2 cm) of 
the superficial cervical trapezius 
muscle, deep within the longissimus 
thoraces muscle, superficial and 
deep biopsies of the cranial and mid-
dle parts of the left caudal lobe of the 
lung as well as tissue samples of the 
duodenum and descending colon. In 
all species, biopsies were taken 10 
and 40 days after dissection com-
menced. In the horses, these were at 
10 and 40 days post fixation whilst in 
the small ruminants biopsies were 
taken at 75 and 105 days post fixa-
tion. The samples were stored in 
clear, lidded, plastic tubes and the 
microbiological examination was 
performed according to standard 
procedures (Murray et al., 2007). 
 
Determination ambient formalde-
hyde fumes concentrations 
Formaldehyde fumes in the air of the 
anatomy dissection laboratory were 
measured at one and three months 
after embalming. Here Formalde-
hyde-0.1 Detector Tubes (MSA Auer 
GmbH, Berlin, Germany) were 
placed in the breathing zone (0.5 me-
ter above and at the side of animal-
cadavers). Air samples were col-
lected by attaching the Formalde-
hyde-0.1 Detector Tube to Kwik-
Draw Deluxe Detector Tube Pump 
(MSA Auer GmbH, Berlin, Germany). 
After sampling, the formaldehyde 
concentration was read directly from 
the scale printed on the tube. 
 
Results 
Dissection parameters  
The weekly observations of the stu-
dent’s dissections show that the vis-
ual appearance of the cadavers re-
mained close to their natural appear-
ance. The muscles and fasciae re-
tained most of their natural color and 
texture in the horses (Fig 1A) but the 
skeletal muscles of the small rumi-
nant cadavers appeared lighter than 
their natural colour. However, the 
muscles of all the cadavers devel-
oped a darker colour towards the end 
of the study period. This manifesta-
tion was more marked in horses than 
in the small ruminants. On palpation, 
the skeletal muscles of all cadavers 
were flexible and easy to dissect. 
However, the range of movement of 
the joints were limited and rigid when 
compared with fresh cadavers. All 
gross anatomical structures includ-
ing arteries, veins and nerves were 
distinguishable and easy to dissect in 
all animals.  
In all cadavers, the thoraco-ab-
dominal organs such as the heart, 
lung, liver, spleen and kidneys were 
more rigid and had a darker hue than 
those in a non-fixed state (Fig 1B, C, 
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D). The stomach, small and large in-
testines had an anatomic appear-
ance close to that of non-fixed ca-
davers. Blood vessels and nerves 
were readily palpated and could be 
dissected easily. The adipose tissue 
had lost its normal colour as seen in 
freshly killed animals and had turned 
a light shade of gray.  
 
Microbial analysis 
In the current study, fungi were not 
cultured from any of the samples 
taken from the fixed cadavers. How-
ever, anaerobic bacteria, Clostridium 
sporogenes, and C. tyrobutyricum 
were isolated from the cervical trape-
zius muscle of two sheep. Paeni-
sporosarcina sp. was cultured from 
the thoracic longissimus muscle of 
one horse. Similarly, Paenibacillus 
sp. was cultured from the colon of 
one horse, and Bacillus sp. was cul-
tured from the duodenum of the goat. 
Colonies of the Bacillus licheniformis 
were cultured from the duodenum 
and colon of all horses.  
 
Concentration of ambient formal-
dehyde fumes 
The concentration of formaldehyde 
fumes measured in the breathing 
zone ranged from 0.05–0.15 mg/m3 
 
Discussion 
Ideally embalming fluids should 
maintain the natural colour and tex-
ture of the tissues and organs 
(Coleman and Kogan, 1998) and 
should also prevent microbial growth 
over the time period of the anatomi-
cal dissection (Brenner, 2014). His-
torically, high concentrations of up to 
10% of formaldehyde have been 
used in embalming fluids to prevent 
microbial growth however this has 
many adverse side-effects including 
rigidity and colour changes to the ca-
daver’s tissues and organs (Brenner, 
2014, Hammer et al., 2012, Silva et 
al., 2007).  
 
In the current study, an embalming 
fluid consisting of; formaldehyde 
(2%), ethanol (30%), and polyeth-
ylene glycol 400 (20%) made up by 
tap water to 100%, was perfused via 
the left carotid artery into three 
sheep, one goat and three horses. In 
the fixed horses, muscle colour was 
similar to that of non-fixed horses but 
in the small ruminants, the muscles 
were slightly paler in colour than 
found in non-fixed ruminants. On pal-
pation, the somatic muscles and 
joints of the fixed cadavers were a lit-
tle more rigid than found in non-fixed 
cadavers. Similarly, the organs of all 
animals were more rigid and darker 
in colour than found in non-fixed ca-
davers. 
 
According to Pretorius (1995) tissues 
preserved using higher concentra-
tion of formaldehyde (12%) resulted 
in marked rigidity, which was ideal for 
                            
tissue slicing but is not ideal for anat-
omy students who prefer tissue plia-
bility and texture similar to that of the 
in-vivo state. Our study using a fixa-
tive solution at far lower concentra-
tion of formaldehyde (2%) resulted in 
modest tissue flexibility. These re-
sults are consistent with the results 
of (Silva et al., 2007) where they 
used low formaldehyde concentra-
tions (0.3%) and reported that their 
dog cadavers were suitable for surgi-
cal training of veterinary medicine 
students.  
This study used PEG, a polymer of 
ethylene oxide that acts as an os-
motic laxative by binding water thus 
lessening desiccation to maintain the 
flexibility of muscles and organs. For-
tunately, there are no known adverse 
health effects of PEG, and even if it 
is ingested, it is inert and not metab-
olized within the gastrointestinal tract 
(Brenner, 2014, Chassagne et al., 
2017, Moore et al., 2008). Polyeth-
ylene glycol 400 in combination with 
ethanol serves to preserve moisture 
in embalmed cadavers (Bradbury 
and Hoshino, 1978) and to act as an 
inhibitor of mould growth (Macdonald 
and Mac-Gregor, 1997). The fixative 
and preservation properties of PEG 
and ethanol together kept cadavers 
free of mould and reduced bacterial 
loads (Steinmann, 1982). Similarly, 
the combination was used for the 
same purpose in the preservation flu-
ids developed by Thiel, where em-
balming fluids were based on low 
concentrations of formaldehyde 
(1.4%) (Thiel, 1992a, b, 2002). The 
results of our study confirm the disin-
fectant properties of the embalming 
solution used in this study for em-
balming cadavers (Table 1).  
In the present study, Clostridium 
sporogenes and C. tyrobutyricum 
were isolated from skeletal muscles 
of two sheep cadavers. Both organ-
isms are anaerobic Gram-positive 
bacteria that are usually found in soil 
and only colonize animals as part of 
the normal saprophytic flora where 
they have a symbiotic rather than a 
pathogenic interaction with the host 
(Logan and De Vos, 2009). Whilst C. 
tyrobutyricum is found commonly in 
soil, it has been isolated from silage, 
milk, and spoilt cheese (Bergere and 
Lenoir, 2000, Bergère   and Sivelä, 
1990). The C. sporogenes and C. ty-
robutyricum cul-tured from animal 
cadavers are most likely environ-
mental saprophytic contaminants 
that proliferate following death 
(Logan and De Vos, 2009).  
In this study, the Paenisporosarcina 
sp. isolated from the thoracic longis-
simus muscle of a horse is a gram 
positive, aerobic, spore-forming, rod-
shaped bacterium mostly isolated 
from soil (Krishnamurthi et al., 2009). 
This Paenisporosarcina sp. is most 
likely an environmental saprophyte. 
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Colonies of the aerobic Bacillus li-
cheniformis were cultivated from the 
duodenum and colon in all horses. In 
addition, Paenibacillus sp. was cul-
tured from the colon of one horse, 
and Bacillus sp. cultured from the du-
odenum of the goat. Bacillus licheni-
formis is one of the most ubiquitous 
species of its genus and has been 
isolated from raw milk and along the 
dairy processing continuum (Kalo-
gridou-Vassiliadou, 1992, Schelde-
man et al., 2006). Bacillus licheni-
formis has become increasingly rec-
ognized as a human pathogen caus-
ing sepsis, mainly in immunocompro-
mised patients (Blue et al., 1995, 
Haydushka et al., 2012, Ozko-
caman et al., 2006). Whilst the or-
ganisms isolated in this study are 
probably innocuous saprophytic bac-
teria proliferations in the animal ca-
davers, their potential pathogenic 
nature warrants specific safety pre-
cautions to avoid accidental trans-
mission from cadavers to humans.  
Historically the use of formaldehyde 
at concentrations of up to 10% was 
used commonly to embalm cadavers 
worldwide (IARC, 2006, Kunz and 
Wilcke, 1991, Lischka et al., 1979). 
This resulted in humans being ex-
posed to formaldehyde fumes possi-
bly adversely affecting their health 
(IARC, 2006, Wantke et al., 2000). 
The main concern with formaldehyde 
is long term exposure to its fumes 
causing irritation to the mucous 
membranes in the nose and throat, 
difficulty in breathing, asthmatic 
symptoms, leukaemia and rarely na-
sal sinus cancer and nasopharyn-
geal cancer (IARC, 2006). In today‘s 
world, embalming of specimens for 
the teaching of veterinary anatomy 
has moved away from using high 
concentrations of formaldehyde to 
alternate formulations using low con-
centrations of formaldehyde, around 
2%, or even no formaldehyde 
(Elnady, 2016, Janczyk et al., 2011b, 
Lombardero et al., 2017, Steinke et 
al., 2008, Turan et al., 2017). Other 
than reducing the concentration of 
formaldehyde used in embalming flu-
ids, exposure levels to formaldehyde 
fumes can be reduced by improved 
air ventilation and maintaining the 
room temperature below 19 ◦C 
(Janczyk et al., 2011b). Designing 
dissection facilities to have laminar 
airflow from the ceiling down past the 
breathing zone to extraction at floor 
level has been adopted extensively 
(Coleman, 1995, Coleman and 
Kogan, 1998, Martin et al., 1995). 
Simply ensuring that handling and 
dissection of cadavers at 19◦C or 
lower, considerably lessens the con-
centration of formaldehyde fumes as 
the boiling point of formaldehyde is 
19 ◦C (Janczyk et al., 2011b). 
In this study the concentration of for-
maldehyde fumes measured in the 
breathing zone was found to be 
0.05–0,15 mg/m3 which is lower than 
                            
0.3 ppm, the Maximum Allowable 
Concentration stipulated by the Ger-
man Research Foundation  (NIH, 
2009). These results confirm the re-
sults of Whitehead and Savoia 
(2008), who found that levels of for-
maldehyde vapours in the dissecting 
laboratory can be reduced up to 50% 
by using embalming fluid with a 2% 
formaldehyde concentration. Fixa-
tion using low formaldehyde concen-
trations in combination with ethanol 
and polyethylene glycol inhibits mi-
crobial growth on animal cadavers, 
appears to pose little health risk and, 
is environmentally friendly, cost ef-
fective, and results in cadavers hav-
ing near natural colour and texture of 
their tissues and organs. 
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Table (1): Results of microbiological examination of tissue samples collected from horses 
at 10 and 40 days post fixation and from small ruminants at 75 and 105 days post fixation.
 
-  = Microbiological tests negative  
+ = Microbiological tests positive  
BL = Bacillus licheniformis      PS = Paenisporosarcina sp. 
PaS = Paenibacillus sp.      CS = Clostridium sporogenes 
CT = Clostridium tyrobutyricum      BS = Bacillus sp. 
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Fig (1): Fixed horse cadavers. Deep muscles of the neck, 30 days after embalming (A), 
deep muscles of the neck and thorax, intrathoracic organs and diaphragm, 40 days after 
embalming (B), intrathoracic organs, 50 days after embalming (C), intra-abdominal or-
gans, 60 days after embalming (D). 
 
 
Fig (2): Fixed sheep cadavers. Skin and cutaneous and superficial muscles, 70 days after 
embalming (A), intrathoracic organs and diaphragm, 100 days after embalming (B), lateral 
muscles of hind limb, 150 days after embalming (C), medial muscles of forelimb,150 days 
after embalming (D). 
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Abstract  
This study aimed to determine the 
morphological characteristics of the 
palate, choanal slit of two birds of 
different families; Japanese Quail 
(JQ) for family Phasianidae and 
Laughing Dove (LD) for family 
Columbidae by gross anatomy, 
scanning electron microscopy and 
light microscopy. The organs of 16 
birds (eight laughing doves and 
eight Japanese quails) were used. 
The length of the oropharyngeal 
roof was nearly equal in both birds; 
it was divided into oral and pharyn-
geal roofs. The oral roof (palate) 
was narrow elongated triangular 
shaped in LD and wide triangular 
shaped in JQ, and the oral roof 
(palate) was longer in LD than that 
of JQ. The ratio of the oral roof (pal-
ate) to the total length of the oro-
pharynx was 86.36% in LD and 
72.82% in JQ. The choanal slit con-
stituted a nearly same percentage 
of the length of the palate which 
was 49-50% while to the total length 
of the oropharynx was 43.19% in LD 
and 36.75% in JQ. The line of sepa-
ration between narrow and wide 
parts of the choanal slit demarcated 
by caudolaterally directed papillae 
and mucosal elevation in LD and by 
a transverse row of V-shaped papil-
lae in JQ. The edges of the rostral 
narrow part bear small sized wide-
spaced papillae having serrated ap-
pearance, while the edges of the 
wide part were smooth in LD. In JQ 
3 transverse rows of papillae and 
one transverse mucosal fold were 
presented around the choanal slit. 
The lamina propria of the palate 
consisted of dense connective tis-
sue, rich in several types of sensory 
corpuscles; Merkel's corpuscles 
were the majority of the sensory 
corpuscles in LD. Herpst corpuscles 
with variable sizes and shapes were 
the majority of sensory corpuscles 
